OBJECTIVE To compare fees for biopsy, treatment procedure, repair, and 2-month follow-up for nonmelanoma skin cancer (NMSC) treatments: electrodesiccation and curettage (ED&C), excision, and Mohs micrographic surgery (MMS).
N onmelanoma skin cancer (NMSC), including cutaneous basal cell (BCC) or squamous cell carcinoma (SCC), is a major public health concern, accounting for more than 2 million cases in the United States annually and increasing. 1, 2 Typical tumor recurrence rates are low after all major therapies (tumor destruction with electrodesiccation and curettage (ED&C), excision, and Mohs micrographic surgery (MMS), 3 although rates may not be directly comparable because treatment modalities may vary according to location, size, and other features that may predispose to recurrence. Some observational studies have demonstrated that MMS results in the highest cure rates for primary and recurrent skin cancers, [4] [5] [6] [7] but for many lower-risk tumors, evidence is lacking to favor one treatment over another. Recently, a randomized clinical trial found no difference in 5-year recurrence rates after excision and MMS for primary facial BCC, 8 although these results are controversial. [9] [10] [11] Clinical guidelines permit selection of multiple treatments for most tumors, 12 but insufficient data exist on cost of NMSC treatment, and the majority of cost data follow old costing rules. 3 Medicare, whose fee criteria recently have been updated to better reflect how MMS is performed, covers the treatment of most NMSC. 13 Our objective was to compare total treatment fees of the three most common NMSC treatments in a university-affiliated dermatology practice in 2007 costs.
Methods

Sample
We studied 936 primary NMSCs diagnosed in 723 consecutive patients (1999/2000) , treated with ED&C, excision, or MMS being followed as part of an ongoing prospective cohort study at a university-affiliated and Veterans Affairs dermatology practices. Our institutional review board-approved sample was limited to lesions at the private site because we did not have access to cost data from the VA. NMSCs were identified by daily review of pathology records and defined according to final histopathologic diagnosis of BCC or SCC. Clinical data were obtained from medical record review using structured data collection forms. The biopsying clinician made the treatment choice. ED&C typically consisted of three cycles. The vast majority of excisions were simple excisions followed immediately by closure (i.e. margins of excised specimens were examined histologically in fixed specimens after closure). MMS consisted of histographically guided serial excisions followed by repair once tumor-free sections were attained. Characteristics of the study sample and the clinical outcomes have been published. 3, 14, 15 
Categories of Fees
We define fees as the 2007 Medicare-approved fee schedule (MFS) payment for each component of care. Two types of resource use were determined for calculation of fees: those related to biopsy and treatment (complete removal of tumor, repair, and any follow-up procedures) and related dermatology visits in the 2 months after primary treatment. Specific fee categories included diagnostic biopsy, pathology readings, primary procedure, repairs (simple, intermediate, complex, and skin flaps and grafts), any secondary procedures (included if a second medical appointment and procedure (ED&C, excision, or MMS) was necessary for treatment of remaining tumor after the primary procedure and was not already included in the fees of that procedure), medications given in the postoperative period (pain medication and antibiotics), and 2-month follow-up visits. Table 1 lists cost categories according to Current Procedural Terminology (CPT) code and their associated fees, as calculated below. Total fee was the sum of fees for each treatment category.
Fee-Based Costing Procedure
We used 2007 Medicare billing rules to assign a specific fee to each tumor (Table 1) . Medicare fees represent a paid amount and are often used as a proxy for costs, as we do here, because it represents the paid amount excluding mark-ups. The major change in the 2007 Medicare billing rules was the addition of tumor location to the MMS fees, made because the Centers for Medicare and Medicaid Services (CMS) determined the code descriptors for MMS procedures were unclear and subject to differing payer interpretations. Their goal was to make rules more consistent with the coding conventions for ED&C and excision (based on location and size). 16 The 2008 CMS multiple procedure reduction rule further removed the exemption for disallowing additional charging when the same physician performs more than one procedural service on the same patient on the same day. Because our analysis was according to lesion rather than according to patient, this rule does not affect our total fee estimates significantly, 17 although we also did regression analysis following the 2008 MFS where the most expensive procedure (the flap) is paid 100% and the Mohs procedure is paid at 50% to determine the effect on our fee comparisons. 17 Medicare ED&C fees are assigned based on lesion size. Excision fees are based on tumor location and excised diameter. Because information on excised diameter was not available for tumors in this study, this information was estimated by adding lesion size and double the margin size, which were available. To estimate fees when lesion sizes were missing (3%), we imputed the cost for the smallest-diameter lesion for that location, according to Medicare rules for actual fee assignment for reimbursement when this information is missing. When margin size was missing (10%), we imputed by multiplying lesion size times an average ratio of margin size to lesion size for a particular location. 18 For example, with 2-mm average margin and 8-mm average lesion, 2/8 = 0.25 mm. Thus, that margin required for complete excision (lesion diameter plus the most narrow margin required equals the excised diameter). The measurement is made before closure. We specifically checked the Medicare fees for procedures 11642-4, -6, and 11622 because we thought that they should be reversed, and our verbal and e-mailed response was that they were correct as is. ‡ We assumed that all patients had only five tissue blocks for each stage. § Simple repair is not added on for excision patients because it is included in treatment fees. ¶ Skin flaps (rotation flap or advancement flap) = adjacent tissue transfer or rearrangement divided by location and size in cm 2 . ** Six excision patients had frozen sections. † † Secondary procedures were performed when a physician indicated that a second medical appointment and procedure (ED&C, Excision, or MMS) was necessary for treatment of a remaining tumor after the primary procedure.
for a 10-mm tumor with missing margin information, the calculated margin was (0.25 9 10 mm) 9 2 = 5.0 mm.
Medicare MMS fees were calculated based on tumor location and number of MMS stages. The CPT codes separate locations on the trunk or extremities from those on the head or neck, and the first stage and additional stages for each location, up to five tissue blocks per stage. We assumed no more than five tissue blocks at any MMS stage. 19 For each primary procedure CPT code, total fees included the outpatient physician facility fee and the physician's Outpatient Prospective Payment System fee in 2007 dollars. Both of these components are considered part of the total procedure fee.
Any repairs after the primary procedure were coded separately, and fees were calculated using the 2007 Medicare Physician Fee schedule when appropriate. Simple repairs are already included in Mohs procedure fees. A simple closure repair (CPT codes 12020 and 12021) is included in excision procedure fees and so was not added again. Simple repair CPT codes vary depending on size and location of the repair; intermediate and complex layered closures and repairs vary depending on location. We also determined location-and size-dependent fees of flap and graft repairs. These procedures can be included if using modifier 58, which then covers related procedures done by the same physician during the 90-day postoperative period or Mohs on a different site. 20
Fee-Based Costing Algorithms per Tumor
To show patient, tumor, and care characteristics that probably affect choice of therapy and the components of total fees, we created a decision tree ( Figure 1 ). Decision trees can be used as tools to compare different outcomes, including fees as we do here. We chose to use a decision tree because it clearly lays out the options included in determining fees and provides a visual framework to quantify total fee values. Variables in the decision tree were selected based on National Comprehensive Cancer Network guidelines for care of NMSC, 12 as well as factors that affect fees in the 2007 Medicare Fee Schedule. The decision tree began with the three treatment types (ED&C, excision, and MMS procedures) and continued to include all of the main variables necessary for the fee-based formulas, including tumor diameter, location, MMS stage, and need for repairs, including flaps or grafts. Using the decision tree, conditional formulas were created to assign CPT-based 2007 Medicare Fee Schedule fees for primary treatments and repairs for each tumor in the data set and to assign fees according to specific tumor characteristics.
Fees for medications were determined from the 2007 Drug Topics Red Book, using the average wholesale price less 25% to better reflect the actual cost of drugs after contract pricing. 21 To determine a typical number of follow-up visits after each type of treatment, we reviewed a sample of 115 medical records of these and other subjects treated at the same facility for NMSC and determined the average number of visits within 2 months of each type of treatment that were separately billed for (54 ED&C, 30 excision, and 31 MMS procedures were reviewed). Visits after 2 months were not included because it was difficult to determine accurately whether they were related to the original lesion. Not including the visits already included in the procedure itself, we found that, on average, there was one additional visit for ED&C, two for excision procedures, and three for MMS procedures. We also performed the analysis excluding these follow-up visits.
Severity of Tumor
To permit us to analyze fees according to risk categories and to compare fees after adjusting for severity of tumor, we used tumor features related to clinical severity, such as size and location. We also calculated a variable for each tumor based on aggressiveness of histologic features. 12
Statistical Analysis
The tumor was the unit of analysis. The overall analytic strategy was as follows. First, for each treatment group, we calculated the mean total fees and fees of individual fee categories. We performed analysis of variance with Bonferroni correction on fee categories to determine whether there was a significant difference in fee categories for each treatment type. Next, we compared the mean fees in each treatment group for important clinical subgroups. Pearson chi-square tests and two-sided ttests were used to determine whether there was a significant difference in the total treatment fees based on characteristics of the tumor or patient.
Next, to examine the independent association between patient, tumor, and care characteristics and total fees, we performed linear regression models. We used robust regression to iteratively reweight ordinary least squares to control for deviant cases. 22 The dependent variable was total fees; independent variables were patient sex, tumor type, tumor location (head or neck vs trunk or extremities and Hzone or not), tumor size, histologic recurrence risk variable, type of treatment, and performance of repairs (including flaps and grafts). We used the natural log of fees to reduce the inherent skew of fee data. The resulting regression coefficients were smeared to avoid retransformation bias and to bring log fees back to the original scale so that useful conclusions can be drawn about treatment fees. 23 Finally, to test robustness of our findings and as a further control for selection bias, we estimated fees for tumors treated using MMS as if they were treated with excision instead. Although not suggesting that these tumors could or should be treated with excision, we wanted to directly compare fees of the two treatments on the same tumors. Types of repairs, flaps, and grafts and margin size were assumed to be the same for determination of total fees for both procedures. Other researchers have used a similar approach to estimate from one sample and one treatment what the characteristics of the sample and resulting fees would be for the alternative treatment. 24, 25 Results
Treatment Patterns
Of the 936 tumors, 80% (748) were BCC and 20% (188) were SCC, similar to literature esti-mates of typical NMSC (Table 2) . 3, [26] [27] [28] [29] Overall, ED&C was used for 27% of lesions, excision for 29%, and MMS for 44%. There was no significant difference in treatment choice between tumor types (p = .25), but significantly more tumors of both types were treated using MMS (BCC 44%, p = .001 and SCC 42%, p = .03) than with the other two treatments. Differences in tumor diameter between treatment types approached significance (p = .06). Of patients with small tumors ( 10 mm, 71% of the sample), 52% underwent MMS, 28% excision, and 20% ED&C, whereas for large tumors (>10 mm), the distribution was more equal, although MMS was still used more often. MMS was much more likely to be used in head and neck and H-zone tumors. Treatments use was further described in a previous article. 3 As expected, most of the tumors were on the head and neck and other nontrunk and extremity locations (60%). Sixty-nine percent of head neck tumors were treated using MMS, compared with only 8% using ED&C. Similarly, 80% of H-zone tumors were treated using MMS. Fifty-six percent of trunk and extremity lesions were treated using ED&C and only 5.1% using MMS. Using the histologic recurrence risk variable described earlier, we found a significant difference in treatment selection (p < .001), with more high-risk tumors treated using MMS (58%) and an equal distribution of treatment types between the low risk tumors, although somewhat fewer excisions (28%) than the other two treatments. Finally, there were significantly different treatment selections between the sexes (p = .03). There were more men (59%) than women (41%) with tumors, but 48% of treatments were MMS for women and 41% for men. It appears that more men underwent ED&C, whereas more women underwent MMS, which may be related to sex differences in tumor location and risk characteristics and possible sex-based preferences.
Total Fees and Fees According to Category
For all tumors, average total unadjusted fees per lesion were $463 for tumors treated using ED&C, $1,222 for excision, and $2,085 for MMS (p .001; Table 3 , Figure 2 ). The primary procedure fees were the highest single fee category (ED&C, $177; excision, $550; MMS, $855), accounting for approximately 40% of total fees. Pathology fees were highest for excision. (For MMS, histopathologic examinations performed during the procedure are not charged separately.) MMS had the highest average fees for repairs. When total repairs and secondary procedure fees were added together, the fees were highest for MMS ($735), followed by excision ($222), and were infrequent and therefore low ($5) for ED&C. Tumors treated using ED&C had no repairs, but two tumors needed a secondary procedure: one excision and one MMS. For MMS, revisions, repairs, and secondary procedures together were the second highest fee category after the primary procedure itself. Only one tumor treated using MMS required a secondary procedure, but one required a splitthickness skin graft, whereas 13 tumors treated using excision required a secondary procedure (Table 3) .
Fees for Each Treatment Type According to Tumor Characteristics
We compared mean total fees for each type of treatment in important clinical subgroups (Table 4 ). For all three treatments, fees were significantly higher for large tumors and for H-sone locations than for others. Fees were significantly higher for head and neck tumors than for trunk and extremity tumors for excision and MMS. For excision treatment alone, fees were significantly higher for SCC than BCC.
Predictors of Total Fees
In multivariable regression log models, independent predictors of higher total fees were head or neck location, diameter larger than 10 mm, and repair with flap or graft ( Table 5 ). We found that a head or neck lesion cost $966 more than one on the trunk or extremities, a lesion larger than 10 mm in diameter had a fee of $128 more than a lesion with a diameter of 10 mm or less, and having a flap or graft had a fee of $1,767 more than none.
Excision and MMS were independent predictors of higher fees than with ED&C (p .001). Furthermore, MMS was an independent predictor of higher fees than excision ($857 higher). Using this model, the predicted fees for MMS treatment of a tumor on the head or neck with a flap or graft and a diameter larger than 10 mm (a more-difficult tumor to treat) was $2,109, whereas a lesion of this same description treated using excision was predicted to have a fee of $1,252, approximately $857 less (p .001). Excluding drug fees from total fees did not change the value or significance of the coefficients. We also performed our regression excluding the 2-month follow-up rules and found that MMS accounted for 28% of the total fees rather than 32% and did not change our overall conclusions that MMS has significantly (p < .001) higher fees than excision and ED&C. Using the 2008 billing rule for reductions in reimbursement for secondary procedures lowered the total fees of MMS compared to excision by $155 in our regression. The MMS procedure still accounted for 32% of overall fees, but skin flaps and grafts contributed $500 (27%) less to this fee (from 78% to 51% of total fees). Using the new 2008 rule, MMS continues to 1,2,3) , F = 769.33 * Secondary procedures were performed when a physician indicated a second medical appointment and procedure (ED&C, Excision, or MMS) was necessary for treatment of a remaining tumor after the primary procedure. have significantly higher fees than excision, and for primary procedure fees, the pattern of results was similar except that location in the H-zone was now a positive predictor (p = .046).
Total Fees of Same Sample Given Each Treatment
As described above, we further controlled for selection bias by estimating fees for the sample of tumors that were treated using MMS as if they had received excision instead. With this exercise, the average fees of the primary procedure changed from $855 to $605 if the tumors had been treated with excision (p < .001). Thus, for the same tumors, MMS still had with higher fees than the excision procedure, but the fee differences between the two procedures ($250) was lower than the actual unadjusted procedure fee differences ($305). When including all fee categories and calculating MMS fees as if the procedure had been an excision, estimated average total fees decreased from $2,085 to $1,778, (p < .001), indicating that treatment selection might affect fee differences between MMS and excision. When controlling for selection bias using this exercise, differences in total fees between excision and MMS were only $356, whereas the difference was $863 in uncontrolled comparisons and $857 when predicted from our regression models. The fact that the difference in total fees decreased so much with the exercise of substituting the primary procedure fees indicates that the repair fees strongly affect these differences (in fact, flaps and grafts add 84% to total fees). MMS had significantly higher fees than excision even when factors of selection bias were controlled for.
Discussion
Diagnosis, treatment, and 2-month follow-up of primary NMSC has high total Medicare-based fees: on average $463 if treated using ED&C, $1,222 using excision, and $2,085 using MMS. Moreover, this public health burden will increase as the incidence rises. 1 This is the first study that compares surgical treatment fees using the 2007 Medicare CPT MMS billing rules, which permit higher payments for greater complexity of lesion location. This change will probably result in a larger difference in fees between MMS and other therapies than that estimated using previous rules. 25, 30 We found that MMS had the highest total fees overall and for the majority of fee categories, even when controlling for many factors of treatment selection bias. In adjusted models, MMS had total fees that were $857 greater than for excision. This difference is largely attributed to the fact that MMS tends to be performed in areas that require a complex closure for repair. These types of costly complex closures are not generally performed with excisions because, without knowledge of clear margins, a complicated repair is compromised or must be repeated if the margins are positive.
Miller found that 1992 U.S. MMS fee-based costs ranged from $884 to $2,576 for treatment of a 2-cm lesion on the nose at three different treatment sites, 31 but few studies have compared fees between treatments for NMSC. A review article of economic evaluations of NMSC found only eight studies from 1965 to 2003 and indicated that the majority had serious shortcomings. 32 Only two studies compared excision and MMS. 25, 30 Cook and Zitelli found that MMS treatment and 5-year follow-up fee-based costs were $1,243, whereas traditional surgical excision treatments ranged from $1,167 to $1,973, depending on location of procedure and type of margin control. In this study, MMS was 7% more expensive than excisions with permanent sections but 11% cheaper than excisions with frozen sections. 25 Their study did not include tumors that were actually treated using excision but relied on expert opinion to estimate resource use for excision treatments from an MMS-treated sample. Four recent articles compared costs of treatments for head and neck BCC only, and these are difficult to compare fairly with our results because of their differing costing techniques and factors included in costs. 6, 24, [33] [34] [35] Bentkover and colleagues found that MMS costs from $400 to $600 more than excision depending on number of stages or frozen sections done. 35 Bialy and colleagues found that cost differences were sensitive to type of repair chosen and number of frozen sections and positive margins. 24 For our study, we had tumor-specific data on use of frozen sections for each tumor treated using excision and consistently found that MMS had higher fees than excision even when accounting for these factors.
Smeets and colleagues, in a randomized clinical trial in the Netherlands, found that the surgical costs alone of MMS were almost twice those of excision (Euro 406 vs Euro 217) 6,34 using data from the finance department at the hospital. Lear found that the costs of MMS alone in Canada were only C$871 including estimates for recurrence. 33 After adjustment to U.S. 2007 dollars, we found the fees for excision and MMS to be 1.6 to À2.3 times as high as those found in a Dutch study by Essers and colleagues, who used micro-costing techniques rather than Medicare billing rules to estimate costs. 36 Cost estimates for NMSC care in different countries cannot be substituted for one another, making it even more important to have an updated estimate of fees in the United States with which to inform treatment decisions in this country.
Our study has several limitations. First, because the sample was from a tertiary medical center, it may not be generalizable to a general practice. Because a true cost study is difficult to do, we are comparing fees in this study that are largely outside of the physician's control. The true cost of performing MMS may be lower because one physician provides clinical, oncologic, surgery, pathology, anesthesia, and reconstructive services. It is preferable to have actual cost data for each patient, but our fee-based costing method using the specific characteristics of the tumor is accurate and better estimates costs than do patient bills that represent charges. Some data were missing for lesion size (3%), margin size (10%), and number of blocks, requiring us to impute these measurements from others in the sample. Although the need for imputation is a limitation of this study, it is preferable to dropping cases when more than 5% of cases are affected. 18 Each additional block allows additional billing of CPT code 17315 for $74, so this addition would not change the conclusions drawn from our analysis that MMS has higher fees than excision.
Our study did not include fees related to recurrence, and it may be that lower recurrence rates with MMS will make this procedure cost-effective or cost-saving, but in a recent study from the Netherlands, recurrence outcomes were found to be similar after MMS and excision for primary facial BCC, 8 although the validity and generalizability of these results have been questioned. 9 Nevertheless, the costs of treating recurrent lesions initially treated with ED&C or excision may cost more to manage than those initially treated using MMS, because significant surgical intervention is often required to remove the recurrent tumor and its associated scar. Additionally, using 3-year recurrence data from the Dutch study, Essers and colleagues conducted a cost-effectiveness study in 2001 Euro comparing MMS with surgical excision for BCC of the face. 36 They concluded that MMS is not more cost-effective for primary facial BCC than standard excision, with an incremental cost-effectiveness ratio of 29,231 Euro per recurrence prevented, but because a maxi-mum national willingness to pay for the cost-effectiveness outcome in their study (recurrence prevented) has not been determined as it has for the criterion standard outcome (quality adjusted life years), it is difficult to conclude that MMS is not cost-effective. In a later study, Essers estimated that individuals are willing to pay 462 Euro to avoid a 1% increase in recurrence, which will be helpful to include in future cost-effectiveness studies. 37, 38 A strength of our study is that we modeled the important risk parameters for fees using a decision analytic framework that can be built upon in further comparative effectiveness and economic studies comparing NMSC treatments. In addition, ours is one of the few studies that captured information on actual tumor characteristics that could be used to estimate fees for all treatments. Ours is also one of the first to use the new 2007 billing rules that significantly changed the method of fee determination for MMS. In 2008, after completing our study, an additional change was made to the billing rules by implementing a 50% reduction in payment for performance of multiple procedures on the same day by the same physician after 100% payment for the most expensive procedure. Because our analysis is according to tumor, rather than patient, this change does not affect our analysis greatly, but we included this new rule change and reran the regression analyses and found that MMS contributed $702 instead of $857 over having an excision now ($155 less). Nevertheless, our conclusion that MMS has significantly higher fees than excision did not change.
Conclusion
The major finding from our study is that MMS has significantly higher fees than excision, even when adjusting for many tumor, patient, and care characteristics. We found that tumor size and H-zone location had significant effects on total fees, although MMS remained significantly costlier than excision even when controlling for these factors. The fee difference is largely attributed to the fact that MMS tends to be performed in areas that require complex and costly closures for repair, those not generally performed with excisions. This study compares fees only, and treatment choice should be based on treatment guidelines and not fees. Treatment using a lessexpensive option may also be less curative, resulting in a greater potential for procedure-related morbidity, as well as the possibility of requiring flap or graft repair instead of a straightforward layered closure. Overall, these data will be important for future comparative effectiveness studies and for those planning for the appropriate diffusion of this technology within medical care systems and nationally.
